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T h i s  program h a s  been designed to e v a l u a t e  some of t h e  material  

I n  parameters  r e l a t e d  t o  t h e  I imensional s t a b i l i t y  of v a r i o u s  materials. 

p a r t i c u l a r ,  measurements have been made of t h e  microyield stress (MYS, 

t h e  stress a s s o c i a t e d  w i t h  a n  o f f s e t  y i e l d  of 1 x 

a l l o y s  2024, 5456, and 6061, 1-400 beryl l ium, TZMmolybdenum, and AZ 31 

magnesium. These d a t a ,  a long  w i t h  a d e s c r i p t i o n  of t h e  t e s t  methods, are 

presented.  

f o r  aluminum 

INTRODUCTION 

It i s  necessary that  t h e  dimensions of many s p a c e c r a f t  com- 

ponents be under very r i g i d  c o n t r o l  during ground handl ing,  launch, and 

Opera t iona l  condi t ions .  Th2t ic, c!ist!xt%~zs JGC ta &t:~lllili g r a a i e n t s ,  

environmental  stress, o r  i n h e r e n t  dimensional i n s t a b i l i t i e s  must b e  h e l d  

t o  a n  a b s o l u t e  minimum. One can c a l c u l a t e  q u i t e  w e l l ,  on the  b a s i s  of 
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known thermal expansion, thermal conduct iv i ty ,  h e a t  capac i ty ,  e t c .  , the  

response of a s t r u c t u r e  t o  an assumed thermal  environment. However, f o r  

many o f  t h e  m a t e r i a l s  of i n t e r e s t ,  the d a t a  requi red  t o  estimate t h e  

e f f e c t  of a n  assumed stress environment are simply not a v a i l a b l e .  It i s  

t h e  purpose of t h i s  r e p o r t  t o  descr ibe  t h e  i n i t i a l  y i e l d  behavior  of 

some m a t e r i a l s  so as  t o  provide some information as t o  t h e  maximum shor t -  

t i m e  stress t o  which such materials might be exposed wi thout  s e r i o u s  

permanent dimensional changes. 

be ing  generated on a more comprehensive program. They a r e  intended t o  

provide t h e  b a s e l i n e  d a t a  from which s u i t a b l e  c reep  stresses cac  be  chosen 

f o r  subsequent experimentat ion.  

These d a t a  comprise only a p a r t  of those 

In  p a r t i c u l a r ,  the  measurements repor ted  h e r e i n  are  concerned 

wi th  s t r e s s - m i c r o s t r a i n  r e l a t i o n s h i p s  (through t h e  f i r s t  10 t o  50 micro- 

inches  p e r  inch  s t r a i n ) .  

microyie ld  stress ( M Y S )  assoc ia t ed  with a permanent deformation of 

1 x inches  per  inch. I n  t h e  p a s t ,  t h i s  has  been c a l l e d  the  p r e c i s i o n  

e l a s t i c  l i m i t  (PEL), bu t  t h i s  term is a misnomer, f o r  i t  is  i n  no sense 

a n  e las t ic  l i m i t " .  

The primary concern i s  t h e  measurement of t h e  

One must approach t h e  u s e  of such M I S  data wi th  cons iderable  

caut ion .  To emphasize t h i s ,  it i s  perhaps u s e f u l  t o  emphasize t h e  s i g n i -  

f i cance  of a s e n s i t i v i t y  of one p a r t  i n  lo7 ,  which i s  approximately the  

s e n s i t i v i t y  of t h e  t e s t i n g  procedures  used here .  

of measuring a m i l e  t o  b e t t e r  than  0.01 inch ,  o r  t o  measuring t h e  d i s t a n c e  

between New York and San Franc isco  t o  wi th in  18 inches.  When such s e n s i -  

t i v i t i e s  a r e  employed, one must expect  t h a t  t h e  data  can be inf luenced 

by a v a r i e t y  of  s u b t l e t i e s ,  no t  a l l  of which are  known and apprec ia t ed .  

Th i s  i s  t h e  equ iva len t  
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There fo re ,  one must expect  t h e  MYS of dup l i ca t e  specimens t o  d i f f e r  by 

more than  t h e  0.2 percent  o f f s e t  y i e l d  d i f f e r s .  One must expect  small 

d i f f e r e n c e s  i n  su r face  t rea tment ,  composition, deformation,  e t c . ,  t o  

show up as l a r g e  d i f f e r e n c e s  i n  M Y S .  

l a r g e l y  borne out  by the  d a t a ,  that MYS va lues  can d i f f e r  g r e a t l y  from 

convent ional  e las t ic- l imit  o r  o f f s e t - y i e l d  va lues .  

One must a l s o  expec t ,  and t h i s  i s  

MATERIALS AND MATERIAL PREPARATION 

The materials obtained f o r  the program are  cha rac t e r i zed  by 

composition, source,  and cond i t ion ,  as  shown i n  Tables  1 and 2 ,  r e s p e c t i v e l y .  

Secondary h e a t  t rea tments  given f o r  stress r e l i e f  are shown i n  

Table  3. 

Tens i l e  specimens of the design shown i n  Figure 1 were prepared 

from each of t h e  materials. To reduce machining stresses and t o  remove 

any remaining e f f e c t s  of t he  machined su r face  and of t he  subsequent ly  

h e a t - t r e a t e d  su r face ,  about  10 m i l s  were removed from t h e  specimen th i ck -  

ness  i n  t h e  necked po r t ion  of t he  specimen by chemical mi l l i ng .  Chemical 

s o l u t i o n s  and m i l l i n g  temperature f o r  each a l l o y  a re  l i s t e d  as fol lows:  

(1) Aluminum Alloys 

Sodium hydroxide (NaOH) 100 g 
Water 500 c c  
Bath temperature -110 F 
Remove smut i n  10 percent  HN03 i n  water. 

(2) Beryllium 1-400 

Sulphuric  ac id  (96% H2SO4) 
Phosphoric a c i d  (85% H3P04) 

3 Water 
Bath temperature  -170 F 

27 cc 
410 cc 

130 cc  
Chromic a c i d  (CrO ) 70 g 
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TABLE 3. SECONDARY HEAT TREATMEM: 

Secondary Heat Treatment 
Temperature, Time, 

Al loys  F hours Cooling Atmosphere 

A lumi num 
2024 400 

45 0 
5 00 

5456 400 
450 
500 

6061 400 
45 0 
5 00 

1 FC(a) A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  
1 FC A i r  

Beryllium 
I- 400 1100 1 FC Vacuum 

1500 1 FC Va cuum 

Mo 1 ybd e num 
Mo- 0.5Ti 2200 1 FC Hydrogen 

2600 1 FC Hydrogen 

Ma gne s ium 
A2 31 450 1 FC A i r  

(a) FC denotes furnace  cooling. Cooling ra te  n o t  
t o  exceed 300 F /h r  from 2600, 200 F/hr  from 
1600 t o  500 F, and 100 F/hr from 500 F t o  room 
temperature . 
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A l l  measurements given 1 in inches 
0-  2862 4 

FIGURE 1. SPECIMEN FOR TENSILE MYS TESTS 

Note: Holes to be located on axis of 
reduced section to within 0. 0005 
inch, Thickness of specimen to 
be 0. 1220 o r  less .  
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(3) Molybdenum TZM 

Water 225 cc 
Nitr ic  a c i d  (70% "03) 150 cc  
Sulphuric  acid (96% H2S04) 150 cc 

(4) Titanium Alloys 

Lac t i c  a c i d  (88.4% CH3CHOHCOOH) 240 c c  
N i t r i c  ac id  (70% HNO ) 80 c c  
Hydrofluoric  ac id  (4d.7 HF) 80 cc  
Slowly s t i r r ed  on a magnetic stirrer 

(5) Magnesium AZ 31 

5 percent  n i t r i c  ac id  i n  water 

Chemical m i l l i n g  w a s  accomplished by t h e  fol lowing procedure.  

Stop-off  materials (such as  Microstop l acque r ,  which w a s  appl ied  by 

brushing  o r  d ipping ,  and microwax, which melts a t  125 F and w a s  app l i ed  

by d ipping)  were used t o  mask t h e  heads of the  specimens. The masked 

specimens were placed i n  the cons tan t ly  a g i t a t e d  m i l l i n g  ba th  f o r  va r ious  

pe r iods  of t i m e .  The specimens were p e r i o d i c a l l y  removed from the ba th ,  

washed, and measured. Complete mi l l i ng  c y c l e s  ranged from 10 t o  30 

miiiutes f o r  each specimen. Removal of Microstop w a s  accomplished by 

washing w i t h  ace tone .  Microwax was  removed by c u t t i n g  t h e  wax o f f  w i th  

a r a z o r  b l a d e ,  and removing the  residue wi th  t r i c h l o r e t h y l e n e .  

F o i l  gages of Type W-XX-250 BG-120, manufactured by the  W. T. 

Bean Company, were used throughout t h i s  s tudy .  Some of the  de t a i l s  of 

these  gages a r e  given i n  F igure  2. 

Two types of cements were employed f o r  MYS tests; Eastman 910, 

ven ien t  f o r  a p p l i c a t i o n ,  and cu res  a t  r e l a t i v e l y  low temperature.  BR-600 

r e q u i r e s  a n  elevated-temperature  cure  t o  achieve  t h e  d e s i r e d  degree of 

s t a b i l i t y  and s t r eng th .  



Physical Propert ies :  
Dimensions 

Gage length 0. 250 inch 
Overall length 0. 375 inch 
Grid width 0. 125 inch 
Overall width 0. 125 inch 

Grid Alloy 
Constantan foil with a temperature  

compensation for 3,  6, 13, o r  
15 pin. /in. /F  

Backing 
A tough epoxy r e s in  film with a 

0. 0009-inch thickness 

FIGURE 2. MA-XX-250BG-120 
FOIL GAGE 

Electrical  Pr opertie s 
Gage resis tance 120 ohms 
Gage factor 2. 095 
Linearity better than 0. 05 percent 
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Eastman 910 was used f o r  MYS tests on 5456-H34 A l ,  6061-T6 A l ,  

1-400 bery l l ium,  molybdenum TZM, and magnesium AZ 31; BR600 w a s  used f o r  

2024-T4 A l .  

With Eastman 910, t h e  chemically mi l led  su r face  of t h e  specimen 

w a s  c leaned wi th  a l coho l ,  metal cond i t ione r ,  and n e u t r a l i z e r .  A te rmina l  

s t r i p  (GS-3 from Budd Company) was placed about  1/16 inch  from t h e  t a b  

end of t he  gage. A p i ece  of cellophane tape (314 inch wide and 1.5 t o  

2.5 inches  long)  w a s  placed over  the  open f ace  of t h e  gage and te rmina l  

s t r i p  f o r  handl ing.  

w i th  a c o t t o n  swab o r  Q- t ip  s l i g h t l y  moistened wi th  the n e u t r a l i z e r .  A 

t h i n  f i l m  of a c c e l e r a t o r  w a s  t h e n  app l i ed ,  and one t o  two minutes dry ing  

t i m e  was allowed. 

f o r  gaging. One end of t h e  t ape  was then a t t ached  t o  the  specimen. One 

drop  of cement w a s  placed on t h e  specimen near t h e  end of  t he  gage, and 

The gage and t e r m i n a l - s t r i p  backings w e r e  cleaned 

The tape  was or ien ted  on t h e  specimen i n  t h e  area 

ano the r  drop i n  t h e  middle of t h e  gage area. 

t h e  thumb, one wiping motion was made from the  taped end t o  t h e  te rmina l -  

s t r i p  end. The gage w a s  he ld  wi th  moderate p re s su re  f o r  two t o  f o u r  

minutes.  Then the  t ape  was peeled of f  a t  90 degrees  t o  t h e  gage p lane ,  

t h e  specimens were placed i n  a n  oven a t  105 F, and allowed t o  pos t -cure  

f o r  24 hours .  A p r o t e c t i v e  coa t ing ,  designated as Gagekote No. 1 by 

W. T.  Bean Company, w a s  app l i ed  over the gage, except  f o r  t h e  gage t a b  

and te rmina l  s t r i p , a s  soon a s  t h e  specimen had been cured. Small soldered 

f l e x i b l e  l eads  connect t h e  gage t o  the  te rmina l  s t r i p s .  

were soldered t o  t h e  te rmina l  s t r i p s .  The r e s i n  of t he  s o l d e r  was 

d isso lved  wi th  so lven t  p r i o r  t o  f i n a l  and o v e r a l l  coa t ing  of t h e  gage 

and the l e a d  wires. The gaged specimens were ready f o r  t e s t i n g  a f t e r  

dry ing  the coa t ing  f o r  one hour o r  longer.  

With some pressure  from 

The main l e a d s  
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With BR-600, su r f ace  prepara t ion  of t h e  specimen was the  same 

as above. The GS-3 terminal s t r i p s  were aga in  placed on t h e  Mylar t ape ,  

1/8 inch  from the t a b  of t h e  gage. With a neutral izer-moistened Q - t i p  

both f a c e s  of t h e  gage and the  t e r m i n a l - s t r i p  backing were cleaned and 

allowed t o  dry.  A t h i n  f i l m  of BR-600 w a s  appl ied  t o  the  su r faces  of 

t h e  gage and the  t e r m i n a l - s t r i p  backing, and allowed t o  d ry  f o r  5 minutes 

i n  a i r .  The gage was then  o r i en ted  in  t h e  designated a r e a  and he ld  on 

t h e  specimen by tape .  A 2-inch-long by 3/4-inch-wide 1-mi l - th ick  Te f lon  

shee t  w a s  he ld  down on t h e  t ape  end. With some p res su re  from t h e  thumb, 

one wiping motion was made from the  tape end t o  t h e  end of t h e  gage. 

S imi l a r ly ,  a gage on the  oppos i te  face of t h e  specimen was app l i ed .  Then 

wi th  a s i l i c o n e  rubber pad, 1 - 1 / 2  inches long,  314 inch wide, and 118 

inch  t h i c k  on each s i d e  of the  specimen, t h e  gages were sandwiched wi th  

Teflon t o  p r o t e c t  them from s t i c k i n g .  Aluminum pressure  d i s t r i b u t o r s  

of equal  s i z e  were placed on the  pads and a clamp f o r c e  of 12 t o  60 p s i  

was app l i ed  wi th  a s m a l l  C-clamp. The whole assembly w a s  placed i n  an 

oven t o  be cured a t  350 F f o r  5 hours,  followed by furnace cool ing.  The 

a p p l i c a t i o n  of t h e  p r o t e c t i v e  coa t ing  and t h e  i n s t a l l a t i o n  of lead wires 

were performed i n  the  same manner as  above. An example of a prepared 

specimen i s  shown i n  Figure 3. 

TESTING PROCEDURE S 

The system devised t o  load t h e  specimens i n  u n i a x i a l  t ens ion  

i s  shown i n  F igures  4 and 5. 

i n  t h e  drawing of Figure 6 .  

i s  a b a l l - t h r u s t - b e a r i n g  system t o  e l imina te  the  p o s s i b i l i t y  of s i s n i f i c a n t  

The d e t a i l s  of the  assembly can be seen 

The uppermost f i t t i n g  ( i n  the  exploded view) 
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le a id 

.. 

.i’- - Intermediate lead 

Strain gage 

Chemically milled neck 

stop- off  

FIGURE 3. TYPICAL SPECIMEN SHOWING STRAIN GAGE DETAILS 
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F I G U R E  4. MYS T E S T  S E T - U P  
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F I G U R E  5. C L O S E - U P  VIEW OF MYS LOAD T R A I N  



0 
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I 

to rque  be ing  appl ied  t o  the  specimen during loading.  

a u n i v e r s a l  j o i n t  i n  which t h e  specimen is  gr ipped.  

t he  specimen i s  gripped i n  another  un ive r sa l  j o i n t  a t t ached  t o  t h e  moving 

p l a t e n  of t h e  t e n s i l e  machine by a pinned j o i n t .  

t he  p i n  i s  confined i n  a s l o t t e d  ho le .  Therefore ,  when t h e  t e n s i l e  load 

i s  removed, t h e r e  i s  no compressive load app l i ed  t o  t h e  specimen. 

This  device  suppor ts  

The lower end of 

In t h i s  lower j o i n t ,  

Act ive  and dummy gages a r e  connected i n  f u l l - b r i d g e  c i r c u i t  with 

Number 25 AWG four  conductor wire, shielded i n  p a i r s .  

were made t o  a te rmina l  s t r i p  a t t ached  r i g i d l y  t o  the  loading  frame a s  

shown i n  Figure 5. S t r a i n  measurements were made wi th  a BLH Model 120 

s t r a i n  i n d i c a t o r , f a c t o r y  modified t o  inc rease  i t s  s e n s i t i v i t y  by a f a c t o r  

of 4. 

galvanometer i n  p lace  of t h e  normal n u l l  i n d i c a t o r .  

Bridge connections 

The i n d i c a t o r  w a s  modified s t i l l  f u r t h e r  by us ing  a h igh ly  s e n s i t i v e  

A f u l l - b r i d g e  c i r c u i t  is used (as shown i n  Figure 7)  w i th  t h e  

i n a c t i v e  br idge  r e s i s t o r s  being gages of t h e  same type and mounted on t h e  

same material  as the a c t i v e  gages. 

p h y s i c a l l y  t o  minimize temperature v a r i a t i o n s .  

compensated gages a l s o  a i d s  i n  minimizing the  e f f e c t s  of temperature 

f l u c t u a t i o n s .  

(68 2 1 / 4  F). 

A l l  t he  gages were kept  c l o s e  toge the r  

The use of temperature- 

A l l  tes ts  were conducted i n  a constant- temperature  r o m  

I n  p r a c t i c e ,  t h e  specimen i s  loaded s e v e r a l  times up t o  5 t o  

10 percent  of i t s  estimated M Y S .  

ha l f -b r idge  c i r c u i t ,  and any observed e c c e n t r i c i t y  i s  cor rec ted  by 

adjustments  of t h e  screws on t h e  s i d e s  of t h e  u n i v e r s a l  j o i n t s .  

f u l l y  ad jus t ed  t h e  f u l l - b r i d g e  c i r c u i t  i s  used (see Figure 7 ) ,  and t h e  

specimen i s  aga in  loaded s e v e r a l  times t o  5 t o  10 percent  of i t s  es t imated  

Both gages a re  read ind iv idua l ly  i n  a 

When 

m 



- 1 7 -  

R, and 
R2 and 

I Nuill 
35857 

R3 are active gages 

R4 are dummy gages 

indicator 

FIGURE 7. A FULL BRIDGE MEASURING CIRCUIT 
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MYS t o  a s s u r e  s t a b i l i t y  i n  the  s t r a i n  readings.  The load i s  then  r a i s e d  

t o  a h ighe r  value and immediately removed. I n  t h e  unloaded s t a t e ,  t h e  

lower p i n  is  disengaged i n  the s l o t  s o  t h a t  only a nominal load (4/2 lb) 

remains on the  specimen. A t  t h i s  re ference  load ,  t h e  s t r a i n  i s  read. 

Th i s  procedure i s  repeated, wi th  t h e  load inc reas ing  incremental ly  wi th  

each cyc le ,  u n t i l  a t o t a l  permanent e longat ion of t h e  order  of 50 micro- 

inches  p e r  inch i s  read under the  re ference  load. 

A t  t h e  conclusion of t he  MYS t es t ,  the  specimen w a s  normally 

loaded incrementa l ly ,  and s t r a i n  readings were taken a t  each stress l e v e l .  

From t h e s e  d a t a ,  e l a s t i c  moduli were ca lcu la ted .  

EXPERIMENTAL RESULTS 

A t y p i c a l  example of t h e  da t a  generated i s  given i n  Figure 8. 

There i s  normally a stress range over which no measurable p l a s t i c  deforma- 

t i o n  occurs .  Once deformation begins ,  however, t he  curve begins  t o  break 

over  sharp ly .  The load represented by the  i n t e r s e c t i o n  of t he  curve and 

the  v e r t i c a l  l i n e  r ep resen t s  t h e  microyield stress a t  one microinch pe r  

inch  ( M Y S ,  1 p in . / i n . ) .  It i s  also s i g n i f i c a n t  t o  measure t h e  microyield 

stress a t  f i v e  and 10 microinches p e r  inch ( M Y S ,  5 p i n . / i n .  and MYS, 

10 b in . / i n . )  a s  these  g ive  some ind ica t ion  of s t r a i n  hardening and may 

r e l a t e  t o  c reep  r e s i s t a n c e .  Data of t h i s  type a r e  given i n  Table 4. 

Although i t  i s  premature t o  d r a w  b inding  conclus ions  on re la -  

t i v e l y  spa r se  d a t a ,  i t  i s  neve r the l e s s  i n t e r e s t i n g  to poinr: OUK s e v e r a l  

p e r t i n e n t  c h a r a c t e r i s t i c s  of t hese  da ta .  These are:  



3c 

2c 

0 1 2 3 4  

00 psi 

5 6  7 
FIGURE 8. 2024-T4 ALUMINUM, SPECIMEN NUMBER TWO, 400 F FOR 

ONE HOUR 
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TABLE 4 .  PRECISION MEACWNICAL PROPERTIES OF VARIOUS PATERIALS 

MYS , ms Y M y S  Y 

Specimen 1 b in . / i n .  5 pin . / in .  10 p in . / i n .  
Material Number Heat Treatment p s i  p s i  p s i  

2024-T4 A1 8 
7 
2 
3 

19 
18 
21 
20 

5456-H34 A1 4 
5 

10 
11 
17 
16 
22 
23 

6061-T6 A 1  2 
1 
9 
8 

15 
14 
25 
24 

AZ 31 Mg 1 
2 
3 
4 

T Z M  Mo 1 
2 
4 

5 

G 

7 

8 

As received 
As received 
1 h r  a t  400 F 
1 h r  a t  400 F 
1 h r  a t  450 F 
1 h r  a t  450 F 
1 h r  a t  500 F 
1 h r  a t  500 F 

A s  received 
A s  rece ived  
1 h r  a t  400 F 
1 h r  a t  400 F 
1 h r  a t  450 F 
1 h r  a t  450 F 
1 h r  a t  500 F 
1 h r  a t  500 F 

As received 
As received 
1 h r  a t  400 F 
1 h r  a t  400 F 
1 h r  a t  450 F 
1 h r  a t  450 F 
1 h r  a t  500 F 
1 h r  a t  500 F 

As received 
As received 
1 h r  a t  450 F 
1 h r  a t  450 F 

A s  received 
A s  received 
1 h r  a t  2200 F 

1 h r  a t  2200 F 

1 h r  a t  2200 F 

1 h r  a t  2200 F 

1 h r  a t  2600 F 

i n  H2 

i n  H 2  

i n  H2 

i n  H 2  

i n  HI L 

38 , 000 
39 , 000 
35,500 
29 , 000 
28 , 800 
32,400 
20 , 200 
22,500 

17,500 
17,500 
21 , 600 
19,500 
22,200 
19,800 
19,700 
18 , 600 

19,000 
18,400 
25,400 
27,200 
20 , 800 
21,400 
10,200 
17,200 

3,200 
3,200 
3 , 340 
3 , 850 

24,000 
35,500 
52 , 200 

5 2  , 700 

52 , 700 

58 , 000 

49,700 

45,000 
42,500 
42 , 000 
39,500 
37,000 
39 , 000 
28,200 
30,000 

19,800 
19 , 400 
22 , 300 
21,000 
24,800 
21,000 
20,800 
20,000 

26,400 
26,800 
29,900 
31 , 600 
25 , 000 
26,400 
16 , 200 
19,900 

4 , 400 
4 , 200 
3,880 
5,240 

52 , 000 
58,000 
60,500 

6 2  , 500 

61 , 000 

63,500 

54 , 000 

46,200 
44,500 
45,500 
44,500 
41,200 
43,000 
32 , 200 
33 , 500 

-- 
20,900 
22,800 
21,600 
25 , 600 
21,700 

20,400 

30,400 
30 , 400 
31,600 
33,900 
27,100 
28,400 
19 , 200 

21,000 

22,000 

4,800 
4,700 
4 , 080 
5,840 

61,000 
65,000 
63,000 

67,000 

67,000 

67,500 

61,500 
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TABLE 4. (Continued) 

ms, Mys, ms Y 

Spec i m e  n 1 k i n . / i n .  5 pin . / in .  10 Min./in. 
Material Number Heat Treatment p s i  p s i  psi 

TZM Mo 9 1 h r  a t  2600 F 50,000 53,000 56 , 000 

10 1 hr  a t  2600 F 49,000 52,000 54 , 000 
i n  H2 

i n  H2 

i n  H2 
11 1 h r  a t  2600 F 52,000 56 , 500 58 , ooo 

1-400 Be 1 As received 7,400 14,200 20,000 
2 As received 5 , 000 10 , 400 15 , 500 
G 1 h r  a t  1100 F 9,000 18 , 600 24,000 

7 1 h r  a t  1100 F 6,800 17 , 000 24,000 

4 1 h r  at 1500 F 9,200 1 7  , 600 22,700 

5 1 h r  a t  1500 F 5,200 12,100 16,800 

i n  vacuum 

i n  vacuum 

i n  vacuum 

i n  vacuum 



-22- 

(1) There i s  a s i g n i f i c a n t  s c a t t e r  i n  the  experimental  
r e su l t s  between what a r e  nominally i d e n t i c a l  spec i -  
mens. For example, the M Y S ,  1 pin . / i n .  va lues  f o r  
i d e n t i c a l  1-400 Be samples d i f f e r e d  by 40 percent  o r  
more i n  a l l  t h r e e  modi f ica t ions  tested. There i s  
l i t t l e  doubt t h a t  t h e s e  v a r i a t i o n s  a r e  f a r  beyond t h e  
experimental  e r r o r s  involved i n  making the  measure- 
ments. The impl i ca t ion  is t h a t  t h e r e  are some un- 
c o n t r o l l e d  f a c t o r s  involved. These may be material 
inhomogeneity, processing v a r i a t i o n s ,  su r f ace  v a r i a -  
t i o n s ,  o r  even more s u b t l e  d i f f e r e n c e s .  The ex i s t ence  
of such v a r i a t i o n s  should suggest  extreme cau t ion  i n  
the  use of such d a t a  u n t i l  a s u f f i c i e n t  number of 
r e s u l t s  e x i s t  f o r  a formal s t a t i s t i c a l  a n a l y s i s .  

(2)  I n  s e v e r a l  of t he  a l l o y s ,  namely 5454-H34 A l ,  6061-T6 
A l ,  and TZM molybdenum, the re  i s  a n  apprec i ab le  
i n c r e a s e  i n  MYS,  1 pin . / in .  a f t e r  a moderate h e a t  
t rea tment .  It i s  probably s i g n i f i c a n t  t h a t  a t  h ighe r  
s t r a i n s  ( M Y S ,  10 pin . / in . )  t h i s  i nc rease  i s  small or 
nonexis ten t .  Th i s  serves  t o  emphasize t h e  p o i n t  t h a t  
p r e c i s i o n  mechanical p r o p e r t i e s  can be s t rong ly  
inf luenced by f a c t o r s  which do not a l t e r  t h e  more 
convent ional  mechanical p r o p e r t i e s .  

(3) I n  n e i t h e r  t he  TZM molybdenum nor t h e  1-400 Be d i d  
r e c r y s t a l l i z a t i o n  h e a t  t reatment  lower the  M Y S ,  1 
p i n . / i n .  s i g n i f i c a n t l y  below t h a t  f o r  a lower 
temperature h e a t  t reatment .  However, t he  MYS, 10 
p i n . / i n .  appeared t o  be lower i n  bo th  cases .  Th i s  
sugges ts  t h a t ,  i n  m a t e r i a l s  which a r e  no t  h i g h l y  
a l loyed ,  and which d o  not depend upon phase t r a n s -  
formations o r  massive p r e c i p i t a t i o n  f o r  t h e i r  
s t r e n g t h  p r o p e r t i e s  f u l l  r e c r y s t a l l i z a t i o n  (and 
consequent ly  much more e f f e c t i v e  stress r e l i e f )  may 
be an  acceptab le  path t o  take .  Probably t h e  g r a i n  
s i z e  must be kept  small, so such t r ea tmen t s  should 
be a t  t h e  lowest p r a c t i c a l  temperatures  and f o r  t he  
s h o r t e s t  p r a c t i c a l  times. These da t a  a l s o  serve t o  
demonstrate t h a t  t h e  sof ten ing  t h a t  would be  seen i n  
convent ional  mechanical-property da t a  i s  n o t  neces- 
s a r i l y  t o  be expected i n  M Y S ,  1 &in . / i n .  values .  

(Data f o r  t h i s  r e p o r t  may be  found i n  Bat te l le  Laboratory 
Record Book No. 23706, pages 1 through 82 . )  


